INTRODUCTION {#sec1-1}
============

Corneal infections can be considered as one of the most significant visual threatening conditions. Corneal infections are the second most common cause of monocular blindness in developing countries.[@ref1] Infections due to invasive pathogens such as *Pseudomonas aeruginosa* and *Staphylococcus aureus* can cause corneal perforations in \<24 h.[@ref2]

Therefore, early treatment to halt the disease process is warranted. Early treatment may also limit the extent of corneal scarring, which can cause loss of vision. While awaiting culture results, aggressive and broad-spectrum therapy with a combination of fortified antimicrobials is usually initiated.[@ref3]

Empiric antibiotic therapy is based on the prevalence of microorganisms in the community. The epidemiologic pattern of microbial species that are responsible for bacterial keratitis and their sensitivity to different antibiotics varies from one geographic region to another.[@ref4]

In the US, the incidence of corneal ulcer is approximately 11.0/100,000 persons/year.[@ref5] However, in developing countries the incidence is reported to be approximately 799/100,000 persons/year.[@ref6]

In the northern US, Gram-positive organisms are the most common cause of microbial keratitis.[@ref4] However, there is a marked predominance of fungal and Gram-negative organisms in the southern States.[@ref7]

In this study, we report the characteristics and laboratory findings of patients with bacterial corneal ulcer who were admitted to Farabi Eye Hospital, Tehran, Iran.

MATERIALS AND METHODS {#sec1-2}
=====================

We performed a retrospective review of all patients with bacterial keratitis who were admitted to the Farabi Eye Hospital during a 4-year period from March 2008 to March 2012. Although this hospital is located in an urban area, a large number of patients from all parts of the country, including both rural and urban areas, are referred to this tertiary hospital. The Farabi Eye Hospital is the largest referral eye center in Iran.

This study was performed at Department of Ophthalmology at Farabi Eye Hospital (Tehran University of Medical Sciences, Tehran, Iran) and was approved by ethics committee of Tehran University of Medical Sciences. A chart review was performed of all patients who were admitted to the Farabi Eye Hospital with the diagnosis of corneal ulcer. A total of 182 patients with smear-proven bacterial keratitis was included. Cases with incomplete medical records and patients with other clinical diagnosis, such as fungal or viral keratitis, were excluded.

We have reviewed demographic characteristics, the time between onset of symptoms and admission, duration of admission, history of trauma, contact lens wear, prior history of corneal surgery, history of ophthalmic disease, antibiotic or corticosteroid consumption prior to admission, location, size and depth of the ulcer, height of the hypopyon, uncorrected visual acuity, results of smear and culture of the corneal ulcer, and antibiotic sensitivity of the cultured bacteria. The location of corneal ulcer was reported as central, if it was dominant in central 5 mm of the cornea, and peripheral, if it was dominant within 3 mm from the limbus.

Anterior chamber reaction was scored based on Hogan and associates[@ref8] for the Tyndall effect and with 0--4 cell scoring method.

The corneal scraping for smear and culture was performed with sterile cotton-tipped swabs under direct visualization with slit-lamp biomicroscopy. The specimens were placed on a glass slide and transport medium for laboratory testing. Gram and giemsa staining of the scraped smear were routinely prepared and examined.

For bacterial cultures, the smears were aerobic inoculation was performed at 37.8°C onto chocolate agar maintained in a candle jar (10% carbon dioxide), sheep blood agar and nonnutrient agar. Cultures on blood agar and chocolate agar were evaluated at 24 and 48 h and subsequently discarded if there was no growth. Selective media for aerobic and anaerobic bacteria, fungal, mycobacteria and acanthamoeba were also used at the clinician\'s discretion based upon the suggestive clinical features.

All statistical analysis was performed with SPSS (version 16.0; IBM Corp., New York, NY, USA). The Wilcoxon Test and Mann--Whitney tests were used accordingly. A *P* \< 0.05 was statistically significant.

RESULTS {#sec1-3}
=======

Data were collected on a total of 182 eyes with bacterial keratitis. There were 110 (60.4%) males and 72 (39.6%) females with an average age of 56 ± 2.30 years (range: 4 months to 95 years). The prevalence of bacterial keratitis was most frequent during the seventh and eighth decades \[[Figure 1](#F1){ref-type="fig"}\]. The mean number of days between the onset of symptoms and referral to Farabi Eye Hospital was 12.98 ± 1.94 days.

![Distribution of age in patients with bacterial keratitis](MEAJO-22-238-g001){#F1}

Patients presented with reduced visual acuity (98.9%), ocular pain (84%), ocular redness (73.6%), epiphora (10.4%), mucopurulent discharge (9.3%), periorbital edema (8.8%), photophobia (6%), and foreign body sensation (6%). The most common risk factor for bacterial keratitis was ocular trauma (17.6%) followed by a positive history of corneal surgery (14.3%), and 1.6% of corneal ulcers were postrefractive surgery. Other ocular conditions that predisposed to bacterial keratitis were present in 36 eyes \[[Table 1](#T1){ref-type="table"}\].

###### 

Risk factors for bacterial keratitis

![](MEAJO-22-238-g002)

The mean age of contact lens users was 22.5 ± 7.7 years, the mean age of patients with trauma was 35 ± 23. Four years, and the mean age of patients with other ocular problems was 55.6 ± 23.2 years.

Seventy-five cases (41.2%) did not use any medication prior to their admission however 60 patients (33%) were taking topical antibiotic, 21 cases (11.5%) used topical steroid, and 26 cases (14.3%) used both topical antibiotic and steroid at the time of presentation.

One hundred twenty-two (67.1%) ulcers were located in the central cornea, 51 ulcers (28%) were located in the periphery, and 9 ulcers (4.9%) involved the entire surface of the cornea. The mean surface area of corneal ulcer at the time of admission was 18.11 ± 14.14 mm^2^. The mean surface area of corneal ulcer at the time of discharge that was recorded for 63 patients was documented to 9.00 ± 10.56 mm^2^ \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\].

![The mean surface area of corneal ulcer at the time of admission (mm2)](MEAJO-22-238-g003){#F2}

![The mean surface area of corneal ulcer at the time of discharge (mm2)](MEAJO-22-238-g004){#F3}

At the time of the first examination, the depth of infiltration in most cases (66%) was less than one-third. The depths of infiltration in 23% of patients were greater than one-third, and corneal perforation occurred in 11% of cases.

Most of the patients had 4 + anterior chamber reaction at the time of admission. The majority of patients had no anterior chamber reaction at the time of discharge from Farabi Eye Hospital \[[Table 2](#T2){ref-type="table"}\].

###### 

ACR in patients with bacterial keratitis at admission to Farabi Eye Hospital and discharge from Farabi Eye Hospital
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Hypopyon was noted in 124 patients at admission and in 96 patients at discharge. The mean height of hypopyon at the time of admission and at the time of discharge was 0.996 ± 1.2 mm and 0.157 ± 0.5 mm respectively.

At presentation, visual acuity was less than or equal to hand motion (HM) in 137 (75.3%) eyes and visual acuity \>20/40 was noted in 3 (1.6%) eyes. At discharge, 111 (61%) eyes had visual acuity ≤ HM and 18 (9.9%) of eyes had visual acuity \>20/40.

Of the 182 samples, 154 (86.4%) were culture positive; however, 28 cases (15.4%) were culture negative. From smear review, 52 cases revealed (28.6%) Gram-positive diplococci, 48 (26.4%) Gram-negative bacilli, 17 (9.3%) Gram-positive bacilli, 12 (6.6%) Gram-positive cocci, 8 (4.4%) Gram-negative diplobacilli, 4 (2.2%) Gram-negative diplococci, 2 (1.1%) Gram-negative coccobacilli, 1 (0.55%) Gram-negative cocci, and 10 cases (5.5%) were mixed bacteria. [Table 3](#T3){ref-type="table"} indicates the result of pathogen characteristics by corneal cultures. Twenty-eight (15.4%) of cultures had no bacterial growth following 2 weeks follow-up.

###### 

Results of culture results for pathogen identification
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The isolated bacterial species from the corneal ulcers were less resistant to ceftazidime (6%) and amikacin (6%). [Table 4](#T4){ref-type="table"} denotes the antibiotic resistance of all bacterial species that were isolated from our study and the antibiotic resistance of the two most common isolated bacteria, *P. aeruginosa* and *Streptococcus pneumonia*.

###### 

Antibiotic resistance of all of the bacterial species isolated from bacterial keratitis and antibiotic resistance of two most common isolated bacteria, *P. aeruginosa* and *S. pneumoniae*
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Of the 182 patients with bacterial keratitis who were admitted, 101 patients (55.5%) were treated with medical therapy only, and 81 cases (44.5%) had at least one surgical procedure. Surgical procedures included 38 cases of penetrating keratoplasty, 33 cases of tarsorrhaphy, 22 cases with conjunctival flap, 9 cases of scleral graft, 7 cases of corneal glue, and 6 cases of evisceration. Among the patients who underwent evisceration, 2 patients were positive for *P. aeruginosa*, 1 patient was positive for *Streptococcus viridians*, 1 patient was positive for *Staphylococcus epidermidis*, 1 patient was positive for *Proteus* species, and sample for 1 patient showed no growth in culture. [Table 5](#T5){ref-type="table"} presents the relationship between risk factors and the type of treatment.

###### 

The relationship between a number of risk factors and type of treatment for corneal ulcer
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DISCUSSION {#sec1-4}
==========

Bacterial keratitis is a potentially sight-threatening condition. The prevalence of the risk factors, etiological agents, and bacterial susceptibilities vary from one geographical area to another. In our study, the ratio of male to female patients was 1.52--1 which is similar to Srinivasan *et al*. studies[@ref9] and Gonzales *et al*. studies.[@ref10] Bacterial keratitis occurred most frequently during the seventh and eighth decades, similar to other reports[@ref11] but presented later some studies.[@ref12]

The mean number of days between the onset of symptoms and referral was 12.98 ± 1.94. This is similar to the duration reported by Yilmaz *et al*.,[@ref13] but longer than other studies.[@ref14]

Approximately 17.6% of our patients presented with a positive history of ocular trauma that was similar to the other reports,[@ref15] it was the major predisposing factor for bacterial keratitis. Some studies have reported contact lenses wear as a major risk factor among patients.[@ref16] However, we found it was the third most common risk factor, following trauma and previous corneal surgery. Among the patients admitted to Farabi Eye Hospital, postrefractive surgery corneal ulcer was detected in 3 (1.6%) patients during the period investigated in this study. This rate was higher than Frédéric *et al*. study.[@ref17] Our study indicated the mean age of contact lens users was lower than the patients with other risk factors (the mean age of contact lens users was 22.5 ± 7.7 years, the mean age of patients with trauma was 35 ± 23.4 years, and the mean age of patients with other ocular problems was 55.6 ± 23.2 years). The female: Male ratio was 2:1. Among the patients who had previous corneal surgery, penetrating keratoplasty was the most common procedure.

One hundred and seven cases (58.8%) received medication prior to presentation at Farabi Eye Hospital. Sixty (33%) patients were prescribed topical antibiotic, 21 (11.5%) were prescribed topical steroid, and 26 (14.3%) were prescribed both topical antibiotic and steroid. In contrast studies from Southern India reported rates from 8% and 30.6%.[@ref9][@ref18]

In majority of our cases (67.1%), ulcers were located in the central cornea, 51 (28%) ulcers were peripheral and 9 (4.9%) ulcers involved the entire surface of the cornea. These observations are similar to previous studies that report centrally located ulcers were more common than peripheral ulcers.[@ref12][@ref19]

Eleven percent of the patients had corneal perforation at admission. This rate of perforation was higher than the other reports[@ref20] and might be due to the late presentation of the cases to the hospital or the high rate of topical steroid use prior to admission.

Patients with a larger size of ulcer had poorer visual acuity. This outcome is concurs with previous reports.[@ref21][@ref22]

In our study, 84.6% of corneal scrapings were culture positive. This is higher than the reports from Ghana[@ref23] and South India,[@ref24] and similar to a report from Bangladesh[@ref25] (57.3%, 70.6%, and 81.7%, respectively). In our study, 75% of the patients who received antibiotic and 89.4% of the patients who did not receive any kind of antibiotic had a positive culture report. According to another study, availability of topical antibiotics and their use before evaluation can cause the a lower rate of isolation.[@ref1]

Like US studies,[@ref4] Gram-positive organisms were the most common cause of bacterial keratitis (44.5%). In our study, the most common species isolated was *P. aeruginosa*, which was similar to other reports.[@ref26][@ref27] Carmichael *et al*. evaluated a group of African patients,[@ref28] and reported *S. pneumonia* was most common and Wong *et al*. in New Zealand,[@ref29] reported coagulase negative staphylococcus as the most common cause of bacterial corneal ulceration. *P. aeruginosa* results in a severe corneal ulcer. In this report, we studied only patients who were admitted to one tertiary eye care hospital. This group of patients had more severe corneal ulcers than patients who were not admitted. This may be the reason *P. aeruginosa* was the most common bacteria isolated. We found *S. pneumonia* was the second (20.9%) most common cause of bacterial ulceration. Similar to Green *et al*.,[@ref30] we found *P. aeruginosa* was the most common isolate in patients who were contact lens wearer (77.7%).

The average age of patients with *S. aureus* was lower (23.2 ± 11.8 years) and the average of patients with *Moraxella* species was higher (76. 1 ± 10.8 years) than all of our patients (56.1 ± 2.3 years).

*Staphylococcus aureus* was isolated from all the patients with previous refractive surgery. Huang *et al*.[@ref31] also reported *S. aureus* as the most common cause of bacterial keratitis following refractive surgery.

In the current study, the antibiogram report indicated that the isolated bacterial species from the corneal ulcers were less resistant to ceftazidime (6%), and amikacin (6%). All *P. aeruginosa* isolates were sensitive to ceftazidime and amikacin, and only 6.7% were resistant to Ciprofloxacin. Among the *S. pneumoniae* isolates, 2.6% were resistant to amikacin, and all were sensitive to cefazolin, ceftazidime, cefixime, and cephalothin.

Eighty-one (44.5%) patients had at least one surgical procedure. This was higher than the reports by Pachigolla *et al*.[@ref27] Saeed *et al*.[@ref12] and Limaiem *et al*.,[@ref32] which were 11%, 20% and 25.8% respectively. Similar to previous studies, penetrating keratoplasty was the most common surgical procedure (46.9%).[@ref32][@ref33] However, almost 3% of our patients underwent evisceration although Limaiem *et al*.[@ref32] stated that of 8% of their patients may require this procedure.

In summary, among the patients with bacterial corneal ulcers, the male: Female ratio was 1.52:1. Trauma was the most common risk factor. Over-the-counter antibiotic and steroid were commonly used, and most patients had a delay in referral to the Eye Hospital of \> 7 days. The most common bacterial species isolated were *P. aeruginosa* followed by *S. pneumoniae*. The isolated bacterial species from the corneal ulcers were less resistant to ceftazidime and amikacin. Among the patients who needed at least one surgical procedure, penetrating keratoplasty was the most common.
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